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Abstract 


Indicators in the field of bio-diversity and landscape are applied on various levels, including the continental field as well 
as the individual agricultural enterprise. Apart from the ecological evaluation of agricultural enterprises and agrarian policy 
measures, indicators are also used in environmental reporting and evaluation as well as in planning or simulation models 
in administrative and scientific fields. Already for longer period of time, indicators have been used as assessment criteria 
in landscape planning to support decisions regarding land use. Due to the standards the EU commission requires from the 
member states in this regard, the application of indicators to assess the effects of agri-environment programs have gained 
prominence. The EU requires proof of the achievement of the promotion aims such as soil (erosion, nutrients, plant-protective 
agents), water, bio-diversity and landscape (EU/VO 12004/00). 

This commitment can be met by means of a functioning environmental reporting. However, only an insufficient number 
of suitable indicators exist in the fields of bio-diversity and landscape. In a bottom-up approach, control systems to assess 
ecological farming achieved on an operational level for a future development were recently developed. Here, a future de- 
velopment is seen in the alignment referring to results or goals, respectively, and in the regionalisation. The article gives an 
overview of the indicator application on different spatial levels and for different purposes. 
© 2003 Elsevier Science B.V. All rights reserved. 
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1. Application objectives of indicators in the fields 
of bio-diversity and landscape 


The necessity to develop indicators in the fields 
of bio-diversity and landscape has already been suf- 
ficiently documented (OECD, 1997, 2001; KOM, 
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2001a,b). The common goal is a standardised as- 
sessment leading to world-wide comparable results. 
When developing indicators, their different applica- 
tions must be taken into consideration. Apart from 
the objectives to be obtained, the application of in- 
dicators vary with regard to their spatial reference. 
Attempts to provide and apply indicator systems al- 
ready exist on a European (respectively continental), 
national as well as regional and local level, the latter 
also including the scale of agricultural enterprises. 
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By means of indicators, the compliance of devel- 
opment processes with sustainable development on a 
national and international level are tested (Muessner 
et al., 2002). In larger regional units, the use of indi- 
cators is mostly limited to the evaluation of time rows 
of land use changes, of potential stress factors or the 
development of a specific species population. In large 
areas, an average has to be found between extremely 
aggregated characteristic values belonging mostly to 
pressure indicators, and the sectorial view of various 
species or groups of species with an indicative char- 
acter. The smaller the observed area, the more charac- 
teristic values can be surveyed and a description of the 
cause and effect relations is more likely. Besides the 
influence on the biotic resources caused by an enter- 
prise, the actual condition can also be registered im- 
mediately. This control can not only be used to verify 
agricultural practice with regard to its environmental 
relevance, but also to estimate the effect of the mea- 
sures of agri-environment programs. The application 
fields stated include an ex-post-evaluation. 

Another field for the application of indicators refers 
to a future-oriented assessment of planned measures. 
Due to the fact that the entire system observed cannot 
be shown in the field of planning, the use of indicators 
here is also of necessity. 

Therefore, indicators must comply with the prob- 
lems shown and the spaces for which they must be 
valid. Basically, the application fields of indicators can 
be defined as follows: 


e Assessment of agrarian enterprises. 

e Assessment of efficiency of political measures. 

e Environmental reporting/environmental monitor- 
ing. 

e Assessment within a planning framework. 


The contributions of this volume for the appli- 
cation of indicators can be classified, with regard 
to the above-mentioned application of assessment 
of environmental effects of agricultural enterprises 
(Roth and Schwabe, 2003; Heyer et al., 2003; 
Oppermann, 2003; Braband et al., 2003) or the eval- 
uation of agri-environmental measures (Marggraf, 
2003; Menge, 2003) as a specific form of political 
intervention into agricultural action. The contribu- 
tions stated, deal primarily with agri-environmental 
indicators, since agriculture, due to its superficial 
extension, heavily influences bio-diversity and land- 


scape. Additionally, an overview of approaches on the 
integration of nature protection aims into operational 
management is given. 

Even though the knowledge of agri-environmental 
indicators is still incomplete and a continuous devel- 
opment of the methods for the derivation of indicators 
is necessary, there already exists the necessity of using 
operational indicators for bio-diversity and landscape 
(comp. Larsson and Esteban, 2000). 

Depending on the objective and the spatial reference 
of the application, the claims vary, i.e. to the transfer- 
ability, the extent of investigation and the availability 
of data. In the following section, the application of in- 
dicators according to the requirements of the OECD 
(1997) in the various, above-mentioned fields is ex- 
amined more closely with regard to the measurability 
of indicators, the policy relevance and transferability 
of application and the problems, namely the political 
soundness of landscape protection and bio-diversity. 


2. Assessment of agrarian and forestal 
enterprises 


2.1. On-farm assessment 


With regard to environmental reporting, changes of 
environment state indicators or changes of pressure 
indicators, respectively, are documented. Through this 
approach, the cause factors remain anonymous. On 
the assumption that an improvement of the environ- 
mental state can be initiated by environment observa- 
tion, the inclusion of the cause factors is necessary. 
In the field of the a-biotic resource protection, legal 
regulations for the reduction of emissions (fertiliser 
regulations, plant protection law, water protection reg- 
ulations) have already been determined. In the field of 
the biotic resource protection in Germany there have 
been improvements, for one in the specification of 
legal provisions (republication of the Federal Nature 
Conservation Law which, for example, should regulate 
the minimum provision of landscapes with biotopes), 
secondly it has been attempted to improve agricultural 
and industrial operations through self-commitment or 
certifying procedures. The impact on a-biotic and bi- 
otic resources is coming from a single farm and can 
be classified according to farming intensity and the 
extent of measures. 
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The interaction of measure and location implies a 
certain effect on the respective protected good. If one 
wants more than an overview on the efficiency of agri- 
cultural measures on biotic resources, one has to focus 
on the agricultural enterprise. From this idea, opera- 
tional control procedures have been developed in or- 
der to determine the certain degree of environmentally 
friendly farming of the enterprises. In some of these 
control systems biotic aspects have already been im- 
plemented (see compilation by Braband et al., 2003), 
while in others a-biotic factors are controlled. The sys- 
tems are implemented either by experts or by the farm- 
ers themselves. The purpose of most of the procedures 
is to document the existing farm stock, wild species, 
biotopes, landscape elements and land use types. How- 
ever, it is not enough to require the documentation of 
species or structures when they are not connected to a 
quantitatively or a qualitatively evaluating statement. 
An evaluation of the actual state can only be effected 
if corresponding reference values are determined. The 
contributions from Roth and Schwabe (2003) as well 
as from Oppermann (2003) consider specific regional 
characteristics and compare the stock with a target 
value. 

As a relevant indicator, Roth and Schwabe (2003) 
present ‘the ecologically and culturally important sur- 
faces of the agrarian region’ (OELF). A modified form 
of this structure indicator is also applied in other sys- 
tems (see contribution of Braband et al., 2003). Instead 
of remaining at a statement regarding the actual state, 
the authors put it in relation to the set target by evalu- 
ating plans for the use and cultivation of the respective 
agrarian region. Through this way, deficits can be de- 
termined and compensated. With the above-mentioned 
plans, the State of Thuringia has, together with some 
states (Bavaria, Saxony-Anhalt), possess secure en- 
vironmental planning approaches. Most states in 
Germany do not have information about the desired 
surface values for ecologically relevant structures. 
These objectives, however, are prerequisite for an 
effective application of indicators. 

Oppermann’s contribution (2003) surmounts the 
documentation and determination of the deficits in the 
field of ecologically relevant areas. The ‘nature bal- 
ance scheme for farms’ (Oppermann, 2003) contains 
four assessment fields which can be carried out on 
an operational level without large-scale data survey- 
ing. Apart from structure-related fields, the indicators 


also describe the fields of bio-diversity (richness of 
species) and field management (i.e. farming intensity). 
Besides the documentation, points for the evaluation 
of the condition of the enterprise with regard to the 
various indicators are awarded. Even here, the actual 
objective comparison is formulated regionally spe- 
cific. However, here it also has to have a qualitative 
value due to fact that in natural green space a specific 
list of species potentially occurring in this region 
from which a minimum of species should exist. 

The amount of effort required for the data collec- 
tion is acommon criticism of operational assessment 
procedures. In order to lower this amount of work, 
Oppermann (2003) checks if the number of indicators, 
47, may be reduced. He therefore identifies the results 
concerning the richness of species as characteristic for 
the remaining results. This means that the total num- 
ber of given points for the enterprise is best correlated 
with the percentage of species rich areas. The question 
being, if the surveying of species is sufficient for an 
operational assessment. This would simplify the oper- 
ational assessment process. 

The relevance of the collected data for the correct 
image of the agrarian eco-systems cannot be evalu- 
ated by applying the presented operational assessment 
systems. However, there exists a significant tendency 
for the systems to determine action-related indicators, 
which are easier to collect, than result-oriented indi- 
cators. Nevertheless, one must take into consideration 
that the paid actions do not necessarily lead to the ex- 
pected results. If on the other hand only results are 
paid, the procedure leading to these results cannot be 
clearly determined and thus they are not payable in 
the strict sense of payment. 

Generally, the assessment of the state of bio-diversity 
on an operational level rising above simple indicator 
types such as single target species is considered to 
be too complicated. Since the varying quality and 
quantity of seasonally and annually appearing bi- 
otic indicators has been criticised in the past, the 
collection of easily measurable a-biotic factors was 
proposed. Measurements try to prove that a con- 
nection exists between the farm management, the 
subsequently measured changes of a-biotic factors 
and the consequences for indicator organisms (Heyer 
et al., 2003). Therefore, one tries to unify the effect 
of certain agricultural implementation procedures on 
biotic aspects. A verification of this thesis at different 
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positions is still pending. However, in individual cases 
it is necessary to clarify and to secure the reference of 
the a-biotic indicator to the respective biotic indicator 
before been able to use the first one. 

The section “Application of indicators” is rounded 
up by a contribution from Braband et al. (2003) which 
analyses various operational assessment procedures 
and cites points of criticism also relevant for other 
indicator systems. This also confirms that mostly 
action-oriented indicators are rewarded, although 
from a scientific point of view, the effects of these 
actions cannot be entirely predicted. On the other 
hand, actions that are not rewarded, would therefore 
only show an effect after a long period of time, even 
though they would be of use for environmental policy. 
However, a better transparency of the action-oriented 
indicators is significant. 

Only in a few systems is the quality of non-cultivated 
agricultural areas taken into consideration. In most 
cases, only the area size is taken into account. 

When characterising the agricultural areas either ac- 
tions or, in the case of result compensation, the number 
of field products or the species of the accompanying 
flora and fauna are characterised. 

The assessment systems compared in this abstract 
can partly be developed even further towards more 
result-oriented indicators. A prerequisite, however, is 
the concretion of the objectives and above all public 
discussions. 

Furthermore, the integration of farmers into the as- 
sessment procedure seems to be of importance in or- 
der to become conscious of the effects the measures 
can have on the bio-diversity of an agricultural enter- 
prise. For this, the farmers’ knowledge in the area of 
bio-diversity must be improved (also see Kleijn et al., 
2001). Oppermann (2003) indicates that the farmers in 
the Black Forest were open for ecological procedures 
on their farms and were prepared to accept criticism 
after noticing unexpected positive aspects. However, 
a change in thinking is necessary to not only include 
a fixed implementation of indicators, but also to re- 
flect together with farmers on how to achieve optimal 
effects for the environment. 

Another development direction pursues a stronger 
formalisation of control procedures. As an enhance- 
ment of the procedure KUL (criteria of environmen- 
tally justified agriculture), a certification procedure 
(USL: Environmental securing system agriculture) has 


been proposed to give the farmers a market advantage 
as it certifies ecological compatibility (VdLufa, 2001). 

The certification procedures, so far only used in 
ecological farming, would therefore be extended with 
regards to environmental compatibility. A prerequisite 
is the registration by the indicators of the strains and 
the utility of the agriculture and the acceptance of the 
defined tolerance ranges. 


2.2. Criteria systems and environmental management 
to assess performance in nature conservation by 
agrarian and forestal enterprises 


Trust and credibility are always interlinked with 
an assessment. In this respect, existing structures, for 
example in agriculture, which as such are credible 
or not, can only be assessed with regard to pre- 
viously determined evaluation parameters, like test 
criteria. In the 1990s, criteria-oriented evaluation of 
agricultural enterprises has become increasingly es- 
tablished in practice. Practical criteria systems are 
briefly introduced and compared. None of the criteria 
systems uses bio-indicators to prove that a conser- 
vation measure enhanced bio-diversity. Rather it is 
assumed that measures specifically directed at pro- 
tecting biotic resources will “per se” have positive 
effects on bio-diversity. This is a pragmatic and con- 
trollable approach which should be maintained and 
promoted as long as there are no reasonable economic 
and ecological alternatives. 


2.2.1. Environmental management systems and 
nature conservation 

The existing environmental management systems, 
Regulation EC (2001) and ISO 14001 (1996), do not 
provide for biological indicators to measure the start- 
ing situation and the success of measures in securing 
bio-diversity. When the protection of biotic resources 
is integrated into the operating structures and pro- 
cesses of an agricultural enterprise, it is assumed that 
measures to preserve bio-diversity, such as integrated 
land management or habitat networks are in fact serv- 
ing to protect biotic resources. 

Under the two environmental management systems 
mentioned above, integrated crop growing could help 
to permanently improve the protection of biotic re- 
sources in cultivation areas if clear provisions and 
criteria are defined for that purpose. Integrated crop 
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cultivation is a minimum standard suitable for the in- 
tegration into environmental management schemes. It 
aims for a continuous improvement of the environ- 
mental situation, and allows the measurement of ad- 
herence to the principles, and accounting of the site 
conditions. Connected aquatic and terrestrial succes- 
sion zones can be set up outside the growing areas. 
They would serve to maintain bio-diversity in line with 
the intention of the agrarian environmental manage- 
ment systems. Bio-diversity on the actual cultivation 
area could be furthered by ecological-oriented culti- 
vation, but is not necessarily required by standardised 
environmental management systems. 


2.2.2. Environmental criteria systems in plant 
growing 

Environmental criteria systems are based on 
environment-oriented performance criteria. On that 
basis, a company may allow inspectors to evaluate it 
for its environmental performance. If the evaluation 
is successfully, the company may use this fact for 
publicity, for example, by displaying this on a specific 
label. 

Protection of biotic resources is anchored in each 
system, but with varying binding functions, and with 
varying solution approaches, depending on the pro- 
duction direction. The basic assumption is that a 
reduced input of substances, environmentally gentle 
cultural measures and straight nature-conservative 
measures in and outside the actual productive area are 
sufficient. None of the criteria systems require any 
scientific proof of the success of each individual mea- 
sure, for instance on the basis of bio-indicators. The 
reason being that there are no general bio-indicators 
for all the different cultivation systems in the differ- 
ent climatic regions. Even if any were available, the 
effort required for inspection and verification would 
be too high in terms of time and money. Therefore, 
any measures of nature conservation implemented 
and documented will count as a success for nature 
conservation. 

Euro-Retailer Produce Working Group of Good 
Agricultural Practice (EUREP GAP) (2002) is a 
co-operative by a number of leading European retail 
companies. The EUREP system consists of ‘required’ 
and ‘encouraged’ criteria. ‘Required’ means the re- 
spective criteria must be fulfilled if an enterprise 
wants to participate in the program, ‘encouraged’ 


means that the criteria specify an objective which is 
desirable to be achieved. 

A key aim must be to enhance the environmental 
bio-diversity on farms through a conservation man- 
agement plan. 


Required: Has a conservation management plan 
been established and have the growers 
considered how they can enhance the 
environment for the benefit of the 
local community and the flora and 
fauna? 

Encouraged: Do the growers understand and assess 
the impact their farming activities 
have on the environment and do they 
pursue nature conservation policy 
plans on their farms? Are the policies 
compatible with sustainable 
commercial production, and do they 
minimise influences on the 
environment as far as possible? 


The performance of a company with regard to the 
protection of biotic resources cannot be measured by 
EUREP criteria. It is the strategy of the EUREP sys- 
tem to first increase awareness of problems of nature 
conservation and protection of biotic resources, and 
then motivate farmers to enhance their understanding 
of these fields. 

In the Flower Label Program (FLP) (2002), environ- 
mental criteria are based on the environmental criteria 
list by Meier and Feltes (1996) and on a relevant In- 
ternet publication by the Federal Biological Research 
Centre of Agriculture and Forestry (BBA, 1996). It is 
only possible to a very limited extent to protect biotic 
resources in areas of highly intensive protected flower 
cultivation. Yet FLP criteria include the requirement 
that healthy crop residues are composted, and that the 
compost is recycled into the production system. Apart 
from these soil conservation measures, FLP seeks so- 
lutions outside the production areas. This contributes 
to maintaining biological diversity outside the produc- 
tion areas and enhances the quality of living of resi- 
dents near flower plantations, especially in developing 
countries, where workers and other people often live 
between the plantations. 

The Forest Stewardship Council (FSC) (2000) 
wants to achieve, on a global scale, forest management 
which is at the same time economically buoyant and 
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compatible with nature and the human society. FSC 
certification is guided by 10 principles with 56 crite- 
ria. Some of the relevant criteria for biotic resource 
protection shall be presented here. Environmental 
impacts shall be assessed according to the scale and 
intensity of forest management and the uniqueness of 
the affected resources, and assessment results shall 
be adequately integrated into management systems. 
Safeguards shall exist which protect rare, threatened 
and endangered species and their habitats (e.g. nesting 
and feeding areas). Conservation zones and protection 
areas shall be established, appropriate to the scale and 
intensity of forest management and the uniqueness of 
the affected resources. Inappropriate hunting, fishing, 
trapping and collecting shall be controlled. 

Forest management shall conserve biological diver- 
sity and its associated values, water resources, soils, 
and unique and fragile eco-systems and landscapes, 
and, by doing so, maintain the ecological functions 
and the integrity of the forest. 

The following ecological functions and values shall 
be maintained intact, enhanced, or restored: 


e Forest regeneration and succession. 

e Genetic, species, and eco-system diversity. 

e Natural cycles that affect the productivity of the 
forest eco-system. 


The Pan European Forest Certificate (PEFC) (2002) 
was introduced in 2000 as a product marketing label. 
The PEFC certificate is only awarded to forest compa- 
nies following sustainable forest management guide- 
lines and allowing inspections of the fulfilment of 
environmental and social criteria. 

The wildlife and conservation policy is: planning of 
forest management and mapping of forest resources, 
including forest biotopes of ecological importance and 
taking into account protected, rare, sensitive or typ- 
ical forest eco-systems, such as meadowlands, wet 
biotopes, habitats of endemic or endangered species, 
or endangered or protected genetic in situ resources. 

The indicators for conservation are: 


e Protection and promotion of rare tree and bush 
species. 

e Historical ways of management which have pro- 
duced valuable eco-systems, for instance, coppice 
forest, should be promoted in suitable places if eco- 
nomically viable. 


e Maintenance and harvest measures shall be carried 
out so that they do not cause lasting damage to 
the eco-system. Wherever possible, steps to enhance 
bio-diversity shall be undertaken. 


Rainforest Alliance (2002). A number of agricul- 
tural producers (bananas, coffee, citrus, sugar cane, co- 
coa) in Latin America voluntarily allowed their farms 
to be evaluated by the US-based environmental organ- 
isation ‘Rainforest Alliance’ for the fulfilment of so- 
cial and environmental criteria. 

The indicators for natural habitats are: 


e A plan to conserve and recuperate different 
eco-systems within the farm that including a map- 
ping of the boundaries of critical habitats such as 
wetlands, lagoons and wildlife roosting or nesting 
areas. 

e Indiscriminate or unjustified deforestation is pro- 
hibited on farms. 

e Incorporation of forested areas into private conser- 
vation easements, private reserves or government 
protection programs. 

e Buffer zones around protected areas. 


The indicators for reforestation are: 


e Rivers should have a 10m buffer in flat areas and 
50m on inclines greater than 30% (measured hori- 
zontally). 

e Public roads that border or cross plantations should 
have a 10m buffer of native vegetation. 

e Areas not in production or not suited for production 
must be reforested. 

e Vegetative barriers of 30m required around 
schools, clinics and housing areas. These buffers 
should be designed to reduce pesticide drift. 
Production-related buildings (packing stations, 
showers and storage areas) should have a 10m 
buffer zone. 


The indicators for wildlife conservation are: 


e Establishment of policies prohibiting hunting, col- 
lecting and trafficking. 

e Consultation of national environmental legislation, 
specifically legislation related to wildlife protection 
and establishment of biological corridors. 

e Company support of local research, particularly 
those projects recommended by the certification 
program. 
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3. Assessment of the effectiveness of political 
measures 


The European Union, seeing the necessity of preser- 
vation measures for biological variety, has promoted 
the finding of so-called headline indicators as well as 
indicators for specific strategic instruments (KOM, 
2001b). Therefore, the outcome of all strategies in 
total (headline indicator) and of single strategies can 
be checked. Additionally, there has been the desire 
that environmental issues should play a greater role 
in agricultural policies (COM, 2000). Since the 1980s 
there have already been efforts to include environ- 
mental aspects into the common agricultural policies. 
The 1992 EU agricultural policy reform enabled 
agri-environment programs to play an important role 
in agricultural development as the so-called second 
pillar. The EU stated the overall objectives with the 
guideline EEC 2078/92. Member states, however, 
could decide on the actual procedure (see Marggraf, 
2003). 

An evaluation of the individual member state pro- 
grams is mandated by the EU guideline (EEC 746/96 
Art. 16-20). An assessment is of importance for the 
further continuance of the programs as well as for 
the further inclusion of environmental issues in agri- 
cultural policies. The EU Commission expects the 
evaluations to provide insight into the effects of the 
implemented measures and suggests improvements 
(COM, 1998). 

A common assessment method for these programs 
has not yet been developed, in part due to the lack 
of experience with these new programs. However, the 
measures prescribed by these programs are quite sim- 
ilar. This has enabled Wilhelm (1999) to evaluate the 
programs with regard to their ecological effectiveness. 
Three different location types with different agricul- 
tural suitability were to be assessed by ecologists on 
the program effectiveness. The measures, being quan- 
tifiable through the assignation of proportion factors, 
became functions of indicators. The measure sets of 
each program were linked together with the implemen- 
tation area. This allowed a comparison between the 
different programs and an assessment of the ecologi- 
cal relevance. The programs have to be classified ac- 
cording to their scope, either broad and not specific or 
narrow and very specific, and the size of the imple- 
mentation area, for example, either an agricultural area 


for a whole state or by certain criteria selected regions 
(e.g. specific wetland). The ecological assessment con- 
centrates exclusively on the implemented measures 
and their effects. This assessment is then used for an 
economic assessment of the programs. This is done by 
comparing the sum of the ascertained ecological points 
with the expenditures required for these. The ecologi- 
cal points are derived from the sum of the indices of the 
individual measures. By using a theoretical approach 
for economic assessment, Marggraf (2003) does not 
establish the actual effects of the implemented mea- 
sures. The official evaluation report also stated that the 
implementation area usually depicted the most used 
indicators (COM, 1998). 

This approach was also used in the State of Saxony- 
Anhalt for the assessment of an agri-environment pro- 
gram for environmentally friendly cultivation (Menge, 
2003). The distribution of the measures acceptance 
was determined with help of a descriptive statistical 
method. The surveyed farms were classified accord- 
ing to biotic resource preservation indicators. These 
classifications included the following: species diver- 
sity, resistance factors, percentage of legumes and 
grains, fallow duration and field size. The indicators 
are ascertained and averaged out through all farms. 
An indicator development over many years may show 
developments with regard to environmentally related 
effects. A defining beforehand of objectives or goals 
is not recommended. An assessment of these should 
be done after documentation of the development 
process. This declaration remains indirect since a 
monitoring of the immediate changes in the area of 
bio-diversity was not undertaken. The use of these in- 
dicators, however, is not equivalent to the assessment 
of the actual effectiveness of the measures on the im- 
plementation areas in relation to the sensitivity of the 
areas to a certain impact (Osinski, 2002). Through 
this way, measures with positive effects can target the 
right locations. 

Because of the immense effort and time required for 
these measures to show positive environmental effects, 
assessment of agri-environment programs are depen- 
dent on the indirect approach. However, studies in 
The Netherlands have shown that a direct evaluation is 
necessary. A comparison of the biotic makeup of areas 
with and without management agreements showed no 
positive effects on the avian and plant population due 
to this form of agriculture (Kleijn et al., 2001). The 
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authors therefore suggest a scientific component for 
the implementation of agri-environment programs. 
The EU Commission (KOM, 2000) handed out an in- 
dicator criteria catalogue for the assessment of these 
programs within Europe. This catalogue should then 
prove the success of the implemented measures. The 
indicators included, for the areas of bio-diversity and 
landscapes, concentrated on data of the implemen- 
tation area and the surveying of species population 
(mammals, birds) (KOM, 2000, Section D). The ac- 
tual assessment, however, is responsibility of each 
member state. In the case of a species survey this must 
be done on the basis of a local analysis. Because of 
this, the assessments concentrate on individual local 
areas or specific farms. For this approach, a mixture 
of measure-oriented and result-oriented indicators 
was chosen, similar to the operational assessment 
approach. 

A key issue in the assessment of these programs is 
which qualities and what quantities of bio-diversity 
and landscapes are of relevance. What results are 
desired from ‘good agricultural practice’ and which 
results are going beyond? It is hoped that the es- 
tablishing of a national framework with minimum 
requirements and control criteria would solve this is- 
sue in Germany (Knickel et al., 2001). However, the 
determining of these minimum requirements is dif- 
ficult due to the lack of a common reference system 
and because of the immense variety on the regional, 
nature and agricultural level. 

Thus, the discussion of ‘good agricultural practice’ 
and its development through the use of indicators 
is far from over. Action-oriented and result-oriented 
approaches have also been discussed (Knickel 
et al., 2001). An example of result-oriented sys- 
tem is the ‘target species concept’ of the State of 
Baden-Wuerttemberg’s landscape program (Walter 
et al., 1998). This concept provides the currently 
most comprehensive approach for the determination 
of species-related minimum requirements at the nat- 
ural units’ level. This concept determines the type of 
indicators as well as the desired population sizes. 

Such an approach would also allow the separa- 
tion of the requirements for good agricultural prac- 
tice from ecological services. This would avoid the 
so-called ‘carry-on effect’ and increase the “ecological 
accuracy’ of agri-environment programs (Hampicke, 
2000). 


There have already been suggestions on how a sep- 
aration with regard to economic assessment could be 
implemented. Therefore, normally operated conven- 
tional agriculture would not receive government sub- 
sidies in the long run. However, if nature conservancy 
aspects are included, a limited compensation is possi- 
ble. This would mean that traditional, integrated and 
ecological-oriented agriculture would only receive 
medium compensation, while landscape preservation 
services would receive the highest level of compen- 
sation (Knickel et al., 2001). These services however, 
have to be specified with help of indicators. 


4. Environmental reporting/environmental 
monitoring 


There have been political efforts, both on the na- 
tional level, e.g. in Australia (Pearson et al., 1998) or 
England (MAFF, 2000) and European level (COM, 
1999) to develop indicators that primarily concentrate 
on reporting and monitoring. They should control 
the environmental condition and evaluate the effec- 
tiveness of the implemented measures. National and 
international environmental indicator systems were 
developed in order to improve the information and 
communication of environmental conditions, the pri- 
oritisation within environmental policy and to de- 
termine environmental objectives (see Walz, 1997). 
The political importance of this was emphasised 
on the Helsinki Summit, where also an indicator 
system for the European level was designed. The 
architecture of this system is made up of so-called 
environmental-specific core indicators (these allow 
only individual indicators from each of the core areas) 
and of sector-specific indicators (COM, 1999). One of 
these core areas is ‘Nature and Bio-diversity’ whose 
indicator “Species Catalogue of the basis of genetical 
variety and variety of biotopes’ is still to be devel- 
oped. Advances in the agricultural sector have been 
immense, especially under the efforts of the OECD 
Commission and the individual member states. A list 
of agri-environmental indicators exists, some of which 
have already been partly implemented. The achieved 
results have also been documented (OECD, 2001). 

In many countries (for example, The Nether- 
lands, Sweden, Norway, Canada) the development 
of indicator systems was based on the OECD 
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pressure-state-response approach (OECD, 1997). 
The emphasis is either on pressure indicators (The 
Netherlands) or on state indicators (Sweden) (Walz, 
1997). The biggest difficulty in the development of 
indicator systems, however, is the determination of 
the correct parameters of the effect systems. It is 
common to characterise stress parameters through 
the use of indirect indicators. Factors that influence 
the decline of species and biotopes include the in- 
creased agricultural intensity, the resulting destruction 
of habitats and changes in the living conditions in 
habitats (OECD, 2001). Thus, a change in the areas 
of bio-diversity and landscapes can be derived from 
taking into account the development of these impact 
indicators. This indirect derivation, however, does not 
allow a documentation of clear cut causalities. A doc- 
umentation of the changes in nature and landscapes 
in relation to the implemented measures can only be 
achieved through monitoring. Monitoring would not 
only determine individual stress or biotic parameters, 
but would also document both of them and place them 
in relation. A method for environmental random area 
sampling was developed for Germany (Statistisches 
Bundesamt and BfN, 2000). This method aims to 
survey the changes in so-called “normal landscapes”. 
This would allow agrarian and forestal areas in ad- 
dition to conservation areas to be incorporated into 
a national test framework. This allows the collection 
of structural data as well as of data about the quality 
of the biotopes through a surveying of the species 
makeup. This comprehensive indicator system is cur- 
rently the most advanced proposal for a monitoring 
approach in Germany. However, as it appears to be 
highly cost intensive it has not been put into practice. 

There has been a strong demand for changes in the 
area of conservation of landscapes. Database surveys, 
that would allow a documentation of these changes on 
a national or European level, are even less available 
than for the area of bio-diversity. Proposals are avail- 
able for respective indicators that would include nat- 
ural coherence, diversity, and features as well as cul- 
tural identity, diversity and features (Wascher, 2000). 
As a prerequisite for successful monitoring, a docu- 
mentation of European landscapes is needed first (see 
EEA, 1995). There have also been efforts on the Ger- 
man national level to categorise landscapes in order to 
better document their development. A research project 
financed by the national office for nature protection 


(BfN) is targeted at characterising and standardising 
of high valued landscape types. Additionally, impacts 
are to be documented and suggestions for protection 
are to be made. 

The main problems of a European indicator system 
lie in the incoherence of the available databases, es- 
pecially for the areas of bio-diversity and landscapes 
(Brouwer, 1999). There are European institutions that 
are attempting to construct an integrated database. 
However, since they also rely on national surveys, the 
database is incomplete for certain regions and some- 
times portraits European nature and bio-diversity in- 
sufficiently (Delbaere, 1998). 


5. Other areas for indicator implementation 


Besides the use in operational assessment, in the 
evaluation of agri-environment programs or environ- 
mental monitoring guidelines, indicators can also be 
of use in planning. Thus, the regional objectives of 
the concept of “Ecological and Cultural Significant 
Areas’ (OELF) is based on regional planning (Roth 
and Schwabe, 2003). These objectives, however, have 
to be first determined by defined methods. The plans 
used in that case are called ‘plans on the use and care of 
agrarian spaces (ANP) (Roth, 1996). These are com- 
parable to landscape plans which are documenting the 
makeup of landscape elements and give target values 
for future development in agricultural landscapes. 

Landscape planning per se and the construction of 
this kind of plan is unthinkable without the use of in- 
dicators. Landscape planning in Germany is the sector 
planning for nature protection and landscape care. It 
aims to provide a land use that enables to best pre- 
serve the potential of the land to maintain the a-biotic 
resources and the plants and animals (Spitzer, 1995). 
Therefore, the abstract concept of protecting ‘variety, 
peculiarity and beauties of nature’ (German Nature 
Protection Law, BNatSchG, 2002) have to be put in 
concrete terms with help of indicators. 

The potential has to be first determined and then 
evaluated in order to then design respective measures 
for the protection, development and preservation. 
Each of these steps contain an abstraction of the re- 
ality. In Germany it is common to develop planning 
frameworks on the state level for the areas of species 
and biotope conservation. Such a planning framework 
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already exists in the target species concept of the 
State of Baden-Wuerttemberg. This concepts lists not 
only the indicator types but also objective limits for 
the desired population size per usable area (mini- 
mum standard) and per protected biotopes (special 
population protection) (Walter et al., 1998). 

Another area for the use of indicators is the environ- 
mental impact assessment (EIA, after BNatSchG, $18, 
2002). EIA guidelines prescribe an assessment of the 
environmental compatibility of an implemented mea- 
sure. The method of evaluation is still an experimental 
field (Koeppel et al., 1998) although there is a need for 
providing species-related data as an evaluation basis. 
Species are analysed following the criteria scarcity, de- 
gree of threat, number of species and individuals, dom- 
inance structure, diversity and evenness. Apart from 
this the impact evaluation includes the estimation of 
the threat which is put on the functionality of the area 
affected by the planned impact. For orientation a list 
of biotopes and impact-specific species groups suit- 
able as indicators is provided (Koeppel et al., 1998). 

The prerequisite for the determination of the con- 
servation status of an area, for example, by the Nature 
Conservation Law (BNatSchG), is the occurrence of 
rare species. The occurrence of rare species following 
the so-called Red List of threatened plants and animals 
(e.g. Korneck and Sukopp, 1988) can be understood as 
an indicator to help in the assessment of the placing of 
the area under protective status. These indicators only 
represent the total number of species which are to be 
protected by law (BNatSchG, §1). The use of Red Lists 
is sometimes criticised because of different degrees of 
threats in different parts of the country. Thus, the Red 
List looses its character as tool for differentiating en- 
dangered and not endangered species. Another argu- 
ment dealing with the use of Red Lists and its limit is 
mentioned by Garrelts and Krott (2002). By use of a 
so-called flagship species as single indicator it can be 
tried to influence political decision making. The exam- 
ple of the Great Bustard (Otis tarda) in Brandenburg 
demonstrated a negative effect on the use as an indi- 
cator. That species was given the role of the countries’ 
development enemy. Only a few species living in that 
area had enough power to prevent building a motor- 
way. The public could not accept the weighting of a 
few species at the limit of there habitat against the very 
important motorway. The authors of the article sug- 
gest instead of making decisions with the help of “Red 


List Species’ they should be taken as ‘Early-warning 
System’ (Garrelts and Krott, 2002). 

Models are becoming even more important for the 
planning of measures and the prediction of the ef- 
fects of the implemented measures. The modelling by 
Herrmann et al. (2003) can be used as an example on 
how with the help of indicators frameworks for land- 
scape development can be developed. These can then 
be used for the design of scenarios. This prognostic 
aspect of indicator implementation is also present in 
habitat modelling. Individual biotope characteristics 
are used here as key factors in the determination of 
habitat suitability of biotopes (Kleyer et al., 1992). 
Weber and Koehler (1999) also demonstrate this ap- 
proach in modelling the dispersion of field larks on a 
defined landscape. Other modelling approaches simul- 
taneously use sets of ecological and economic indica- 
tors to predict the economic and ecological effects of 
agricultural measures (see Meyer-Aurich and Zander, 
2003). 

Thus, many indicators have already been used in 
various development processes, in fact their use is not 
been questioned. Indicators are used in all types of sec- 
torial plannings that influence changes in landscapes 
and bio-diversity, for example, in landscape, urban, 
transport and forestal planning. While assessment sys- 
tems with included indicators exist, the methods to 
land use development must be determined following. 
The evaluation in the framework of landscape planning 
processes are lacking in acceptance. Not-standardised 
and not-comprehensible methods play a significant 
role (Muessner and Plachter, 2002). But it is not suffi- 
cient to standardise methods because they are depend- 
ing on justified indicators. Both have to be developed 
parallel. 


6. Conclusion 


The use of indicators was introduced in this 
article for the areas of assessment of agrarian and 
forestal enterprises, assessment of the efficiency of 
political measures, environmental reporting, plan- 
ning and modelling. In general, the demands placed 
on indicators concern the analytical soundness, the 
measurability and their political relevance. Of great 
importance is their transferability and effort required 
for the data collection and availability of data. Due to 
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the different forms of implementation, some of these 
criteria are more problematic than others. 


6.1. Assessment of agrarian and forestal 
enterprises 


The assessment of the environmental compatibil- 
ity of agricultural enterprises using a variety of point 
systems has been further developed in the past years, 
as shown in the summary by Braband et al. (2003). 
The preservation of bio-diversity and landscapes has 
been introduced here. The database is collected on 
site and is dependent on the availability of experts. 
The applied methods are partly implemented region- 
ally in order to correctly assess the area of unused 
structures and the existence of different species. How- 
ever, some experts are critical about the extent of the 
data collection. Therefore, approaches to reduce indi- 
cators by determination of correlations, as proposed 
by Oppermann (2003), will be of even greater im- 
portance in the future. In other views, farming sys- 
tems (Knickel et al., 2001) and especially ecologi- 
cal farming is considered to be advantageous for the 
development of bio-diversity (Koepke, 2002). This 
would mean that the type of farming would be used 
as indicator also for bio-diversity and landscape and 
not only for soil and water protection (see KOM, 
2001a). This assumption is supposed to be verified by 
a current research project at the University of Kassel, 
Germany. 

The political relevance of these farm-related indica- 
tors is given by the fact that decision makers and farm- 
ers receive information regarding the condition of the 
enterprises. From this information, recommendations 
for other enterprises or help with decisions concern- 
ing the own enterprise (compare Girardin et al., 1999) 
can be derived. Future developments of result-oriented 
indicator systems are possible. 

Several experiences exist within the Dutch ‘Yard- 
stick for bio-diversity on farms-program’ (Buys, 
1995) showing an effect on initiative of farmers’ own 
(Oosterveld and Guldemond, 1999). 

Since some objectives can only be achieved af- 
ter a long time, in certain areas measures must still 
be compensated. Independent of this, the objectives 
of the implemented measures should be known and 
their achievement grade evaluated in order to avoid 
a carry-on effect by the farmers. If the effects of in- 


dividual measures are not clearly known, the neces- 
sity of research should be indicated (see evaluation of 
agri-environmental programs). 

Apart from single farms, an increasing pressure is 
being placed on bigger agricultural and forestal enter- 
prises also from abroad to prove ecological and, par- 
tially, social contributions. Commerce and consumers 
do not rely anymore only on governmental norma- 
tive regulations and control procedures. Commerce 
and producers of agricultural products together de- 
termine production standards, production criteria in 
the ecological and social sector including the product 
quality. 

All control systems have the same procedures and 
the same objective, but with different interest-oriented 
intention and motivation. The common aim is to prove, 
by documenting their actions, that the risks of plant 
production for humans and for the environment can 
be minimised to controllable criteria and that the vol- 
untary control of these objectives shall complement 
governmental controls. In this regard, the intensity 
of biotic resource protection is represented varyingly. 
Biotic resources in forests and, in part, also in plan- 
tations of bananas, coffee, sugarcane, cacao and cit- 
rus fruits can be preserved as shown in the criteria 
of the Rainforest Alliance. In the protected cultiva- 
tion of ornamental plants or vegetables under glass or 
foil, the possibilities of appropriate nature conserva- 
tion of the production areas are limited. Therefore, it 
is recommended to implement measures outside the 
greenhouses. Bio-indicators that prove an increased 
bio-diversity beyond the measures of nature conserva- 
tion are not used in any criteria system (see Section 
2.2). On the contrary, it is assumed that biotic resource 
protection measures will per se have positive effects on 
bio-diversity. These pragmatic and controllable mea- 
sures should be maintained and supported as long as 
no other economically and ecologically significant al- 
ternatives are available. 

At the moment, neither the involved NGOs nor 
producers or commerce discuss the implementation 
of bio-indicators in criteria systems. On the con- 
trary, there are still doubts if agrarian enterprises 
should undertake measures to improve bio-diversity. 
A future implementation of bio-indicators as control 
criteria to prove successful measures for improving 
bio-diversity should be connected to the following 
conditions. 
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The bio-indicator must 


1. be, as far as possible, scientifically unquestioned; 

2. be accepted by all participants of the control sys- 
tem; 

3. be useful for all comparable agrarian eco-systems; 

4. always exist with implementation of the measure; 

5. be recognisable without using a special control pro- 
cedure; 

6. also be able to show the quality of the implemented 
measures; 


The implementation of criteria systems to assess 
ecological performances of production enterprises as 
presently discussed and introduced on the international 
level, is always an intervention on the freedom of 
choice of the production and is, therefore, connected 
to a higher production cost. Since the implementation 
of the systems is voluntary, the economic effects on 
the enterprise must be taken into consideration as oth- 
erwise they will not be accepted in practice. In order 
to lower the cost of the operational assessment, key 
indicators should be developed. This would allow the 
simultaneous assessment of numerous control criteria 
by means of key indicators and thus reduce costs. 


6.2. Evaluation of programs 


The European Union requires a stronger control 
of already implemented agri-environmental programs 
(KOM, 2000). This assessment is not only of the im- 
plementation of the measures but also on their success 
(appendix D). It is therefore necessary to prove the ef- 
ficiency of the promoted measures in a clear scientific 
manner. Although the control requirements were for- 
mulated EU-wide, the indicators will not be transfer- 
able since the implemented programs are differently 
oriented. Even here, the objective cannot be the de- 
termination of a uniform indicator set, but of a reli- 
able assessment of these programs. This assessment, 
however, must be more than a statistic of the applied 
measures (compare Marggraf, 2003). Indicators which 
compare the situation before the introduction of the 
programs to the situation of the present evaluation and 
which are able to separate the effects of the programs 
still have to be determined. In this area of indicator 
application, the availability of data is still insufficient. 
However, the EU member states will be forced to com- 
ply with the requirements of the EU commission. For 


this purpose, the inclusion of local surveying results 
is planned (compare Part D, KOM, 2000). 

An evaluation of such agri-environment programs 
would be easier to accomplish, if in the biotic 
field, environmental observation systems would be 
more widespread. Maximum requirements, like “en- 
vironmental random area sampling” (Statistisches 
Bundesamt and BfN, 2000) proposed in Germany, 
must be discussed with regard to a multiple use. Par- 
allel to this, more scientific efforts should be made to 
determine the actual “necessary” number of groups 
of species to be examined for the characterisation 
of bio-diversity. Reporting in the area of protected 
habitats is better than the reporting of species groups. 
A national biotope surveying and, for example, the 
identification of FHH areas prescribed by law lead 
to these results. Therefore, the political relevance is 
very high. Alone for agriculturally used landscapes 
(which this article focuses on), the so-called “nor- 
mal landscape” there exists a demand for action. 
Approaches to connect agrarian statistical data from 
the farmers’ subsidies applications INVEKOS) with 
land use data (CORINE) have been made on the EU 
level (EEA, 2001) to gain a better understanding of 
environmental state. However, these approaches will 
only remain on the structural level and will not reach 
the bio-diversity level. Here national approaches are 
necessary. In Baden-Wuerttemberg, an inventory of 
all available target species groups including their po- 
tential distribution has built the basis which provided 
the target species concept (Walter et al., 1998). 

However, with regard for landscape conservation, 
a uniform meaning of the expressions “intensively 
used”, “extensively used” and “not used” should be 
determined (compare OECD, 2001). 

For the inclusion of interactions between bio- 
diversity and landscapes, new aggregated indicators, 
Natural Capital index (NCI) (OECD, 2001, p. 316) 
should be developed, where the quality (change of the 
number of wildlife species emanating from a basic 
line) is multiplied by the quantity of the eco-system. 

In order to secure structure indicators and their sig- 
nificance to bio-diversity, more research is necessary 
to find out the interaction of agricultural activity and 
habitats (fragmentation, heterogeneity, vertical vege- 
tation structures) (OECD, 2001). 

Whereas the term “bio-diversity” has a clear sci- 
entific meaning, the term “landscape” has a much 


E. Osinski et al./Agriculture, Ecosystems and Environment 98 (2003) 407-421 419 


broader scope. Landscape as a concept (compare 
Wascher, 2000), the relation of structure, function 
and value of landscapes must be better understood 
(OECD, 2001). The definition of the adapted indica- 
tors must then follow. These aspects must be included 
in documentation about bio-diversity and landscape. 

Because of the fascinating possibility of seeing into 
the future, the use of indicators in planning and mod- 
elling is of special political relevance. Due to the con- 
nection with the development of plans and/or visual 
scenarios, a strong decision-supporting character is 
given to the indicators. Their communicative function 
comes to the foreground. 

Due to their relationships within the models, new 
contents, modifying their analytic consistency related 
to the problem, are given to indicators. In this case, the 
models extend the indicative expressiveness aiming at 
the connection of relevant aspects of a problem and 
the presentation of possible solutions. 

The demonstration of the different applications of 
indicators shows that they are connected to different 
requirements. In general, indicators are used to de- 
scribe complex systems difficult to survey (Girardin 
et al., 1999). They can diagnose or assess future de- 
velopments. Girardin et al. (1999) propose a way to 
develop an indicator which, in the first step, defines 
its targets, determines the user in the second step and 
provides the actual development of the indicator in 
the third step. This always results in a compromise 
between the existing information, the state of science 
and the user’s requirements regarding the indicator’s 
grade of simplicity (Girardin et al., 1999). Therefore, 
the indicators can never be developed without con- 
sidering the users’ demands. The objective of science 
should be to work on a securitisation of indicators. 
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